
PENNSYLVANIA STATE LIBRARY

documents section

PROGRESS REPORT 148

Pennsylvania Geological Survey

Fourth Series

SUMMARY

SECONDARY RECOVERY OPERATIONS
IN PENNSYLVANIA TO

JANUARY 1, 1954

Including

PETROLEUM RESERVES AND PRODUCTION
BY COUNTIES

BY

William S. Lytle

COMMONWEALTH OF PENNSYLVANIA

DEPARTMENT OF INTERNAL AFFAIRS

Genevieve Blatt, Secretary

TOPOGRAPHIC AND GEOLOGIC SURVEY

Carlyle Gray, Acting Director

1955

5 <f '
!'*-



FOREWORD

In conformity with the action of the Executive Committee

ef the Interstate Oil Compact Commission taken at Fort Worth,

Texas, October 4, 1949, the Commonwealth of Pennsylvania has

cooperated with the Interstate Oil Compact Commission in the

study of secondary recovery operations in the United States.

The Pennsylvania Bureau of Topographic and Geologic Survey,

in cooperation with the Pennsylvania Secondary Recovery Committee

of the Secondary Recovery Division of the Interstate Oil Compact

Commission, has made a study of the secondary recovery operations

in the State by gathering the data included in this publication.

Additional information is included to bring up to date the material

published in the Bureau's Bulletin M 32 "Crude Oil Reserves of

Pennsylvania"

.

In Pennsylvania there are 76,339 stripper wells producing

an average of less than one-half barrel of oil per day. However,

these wells have produced over 1,180,000,000 barrels of oil, and

perhaps as much as one-half a billion barrels of additional oil

may be recovered from these wells by the use of secondary recovery

methods of water-flooding and air or gas injection.

Secretary of Internal Affairs
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SUMMARY

SECONDARY RECOVERY OPERATIONS Hi PE

H

E SYLVANIA

To January 1, 195^-

Including

PETROLEUM RESERVES AND PRODUCTION BY COUNTIES

By William S. Lytle

INTRODUCTION

This report summarizes information on the secondary recovery projects

in Pennsylvania to January 1, 195^4- an<i includes a table listing the secondary

recovery projects in operation at the close of 1954* Data on petroleum re-

serves and county crude oil production is included for the years 19h7 to

1955 inclusive. Information contained in this report is intended to supple-

ment Bulletin M32, "Crude Oil Reserves of Pennsylvania".

SECONDARY RECOVERY

The peak year in production by primary methods in Pennsylvania was

I89I (figure 1), when a total of Jil ,b2l[,000 barrels was produced. This

peak was largely due to the flush production of the McDonald field. Follow-

ing a period of declining production, a secondary peak was attained in 1937>

when 19>990,000 barrels of crude oil were produced largely by secondary

methods. In 1953 the annual production had declined to 10,930>799 barrels.

By January 1, 195U the Pennsylvania oil fields had produced 1,180,310,000

barrels of crude oil since the discovery of the Drake Well in 1859.

Figure 2 is a nap of the Pennsylvania oil fields listing the fields

under secondary recovery and showing the type of injection used in each

field. Figure 3 shows the general stratigraphic position of the form-

ations under injection and the type of injection used. General inform-

ation on the projects in each Pennsylvania oil field under secondary
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recovery is shown in table 1. A few of the water flood projects listed in

this table are "dump" floods.

The Bradford district, consisting of about 100,000 acres, is in the

northern crude oil producing district (figure I4.) of Pennsylvania and includes;

the production of all of the Bradford (lk percent lies in New York) , Guffey

and Burning Well pools. Over 90 percent of the production from this district

comes from the Bradford pool. The Bradford District is currently producing

about kb percent of all the Pennsylvania-grade crude oil. About

5P6,096,000 barrels had been produced by January 1, 195^4 in this district,

of which 257 >i)-98>000 barrels (figure 5 ), oan be attributed to natural pro-

duction and 298,608,000 barrels to flood production. The production curve

(figure 5 ), of the Bradford District is a typical production curve of an

area under water flood. The estimated natural production curve in figure

5 is an estimate of what the Bradford District would have produced if sec-

ondary recovery had never been initiated. The broken line in figure 1

should be considered in the same light.

The total recovery in Pennsylvania by secondary methods at the end

of 1953 317*208,000 barrels; 500,306,000 barrels were produced by

water-flooding and 17,000,000 barrels by air or gas drive. Subtracting

this total secondary recovery figure from the total oil produced at the

end of the same period leaves 863 , 102,000 barrels total natural production.

The northern district is producing 85 percent of the present Pennsyl-

vania oil production, while the Middle district is producing 11 percent

and the Southern district k percent. Most of the oil fields in the North-

ern distriot are under secondary recovery development. A number of fields

in the Middle and Southern districts not yet producing under secondary re-

covery methods should respond favorably to air or gas drive.
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Yearly Production of Crude Oil in Pennsylvania

Fig. 1 - Annual production of crude oil in Pennsylvania, showing

the influence of secondary recovery and other

events upon the production curve
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FOREST COUNTY

19 WF, A-G B a 1
1 1 o wn - T r uemans

20 A- 6 Wo t son - Duhri ng
21 A-G Solmon Creek
22 A-G West Hickory

Fields

CRAWFORO COUNTY

1 WF*Goines 23 A-G Church Run

POTTER COUNTY VENANGO COUNTY

2 WF Hebron Center 24 A-G Hammil ton Corners
3 WF Shingle House 25 A-G Cherryt ree

26 A-G Plea santville
MCKEAN COUNTY 27 A-G Shamburg

28 A-G Rottlesnake
4 WF Windfall 29 A-G Petroleum Center-Pioneer
5 WF Br adford 30 A-G Oil City- Rouseville
6 WF Co r r y v 1 1 1 e 31 A-G Walnut Bend
7 GTMusic Mountain A-G Franklin - Oak Forest
8 WF Mar sh bu rg 33 A-G Foster -Reno
S WF Or m s by 34 WF.A-G Bullion — Clintonville
10 WF Guf f

y
II WF Burning Well MERCER COUNTY

ELK COUNTY 35 A-G Volant

12 WF Glen Hozel BUTLER COUNTY

WARREN COUNTY 36 A-G By ram

13 A-G* Glade 37 WF,G Parker

14 A-G Gort lond BEAVER COUNTY
15 WF, G C 1 o r e nd on
16 WF A-G Cooper 38 A-G Carson
17 A-G Ti d i out e
18 A-G C o 1 o r o d o -Goo d w 1 1 1 Hill —

firnnd Vnllev WASHINGTON COUNTY

39 G McDonald
40 G Washington -Taylorstown

* WATER FLOOOING
t GAS ORIVE
X AIR OR GAS DRIVE

Figure 2
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Figure 3

Generalized Columnar Section Showing the Oil Bearing Sands Subjected

to Air or Gas Drive or Water Flooding in Western Pennsylvania
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LITTLE DUNKARD SANO

BIG DUNKARD SAND
UPPER FREEPORT COAL

FIRST GAS SAND

FIRST SALT SAND
SECOND SALT SAND
MAXTON SAND
GREENBRIER LIMESTONE
LOYALHANNA LIMESTONE
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7*
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KNOX FOURTH, THIRD STRAY, CLARION, GRAY, AND GORDON SANDS
BYRAM, KNOX FIFTH, THIRD, AND FOURTH SANDS
FIFTH SAND
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ELIZABETH SAND

"PINK ROCK**

BRADFORD FIRST. QUEEN, AND GLADE SANDS
WATSONVILLE SAND
CLARENDON, KINZUA, SUGAR RUN, AND DEWOROP SANDS
SPEECHLEY AND BALLTOWN SANDS
CHERRY GROVE, GARTLAND, AND CHIPMUNK SANDS

BRADFORD SECOND SAND
COOPER AND HARRISBURG RUN SANDS
KLONDIKE, DEERLICK, AND SLIVERVILLE SANDS

BRADFORO THIRD SAND

LEWIS RUN SAND

UPPER KANE SANO

LOWER KANE SAND

SARTWELL SAND

HASKILL SAND

A-6

A-G,WF f

A-Q
A-G
A-G
A-G

A-G.WF
A-G
A-G

A-G.WF
G*

W F

W F

* AIR OR GAS DRIVE
t WATER FLOODING
* GAS DRIVE
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Most of the economically successful water-floods in Pennsylvania

are located in the Northern district. An economical flood is operating

in the Middle district in the Bullion-Clintonville field where the Second

sand is being flooded. The flood pattern is known as a five spot with

the producing well generally located in the center of a square and is

surrounded by four water intake wells at the corners of the square- The

distance between intake and producing urells varies from 225 to 25O feet.

An average of 8 to 9 barrels of water is required to produce a barrel of

oil, although for some projects an average of up to 25 barrels of water

may be used when computing for the entire life of the flood.

The Bradford pool in Pennsylvania covers 72,200 acres. Of this

total acreage, 5>760 acres in the pool proper are yet to be developed

under secondary methods, 9»5^0 acres are considered marginal and have
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not been subjected to secondary methods and 3 >680 acres have been abandoned,

leaving 53>200 acres at present under flood. There are 55^ water-flood pro-

jects in operation in the pool, consisting of 22,700 water input wells and

20,900 producing oil wells.

Air or gas injection is widespread in the Middle district. A reverse

seven spot pattern is used where eaoh producing well is located in the center

of a triangle and is affected by 3 air or gas input wells located at the

three points on the triangle. This pattern is used in intensive operations

where spacing is 150 to 25O feet between inputs and producers. Many other

patterns are used depending on the location of the producing wells ir. oper-

ation when the project is initiated. The peak year in production by air or

gas injection was 1929- A typical production curve of an air or gas drive

project is shown in figure 6 .

Seventy-nine percent of the state's 1953 production can be attributed

to water-flooding, nine percent to air or gas injection, and 12 percent to

natural production, some of which is being produced under vacuum. The pe-

troleum industry in Pennsylvania is operating 103>886 wells. 27,5^7 are

input wells in secondary recovery projects and 76,339 are producing oil

wells. There are 25,362 input wells and 23,5^5 oil wells associated with

water-flood projects. 2,185 input wells and 7 > 7^0 oil wells are operating

in air or gas injection projects. The remaining wells are oil pro-

ducers, either natural or under vacuum.

PETROLEUM PRODUCTION AND RESERVES

The crude oil production history’ of the major oil producing counties

in Pennsylvania are shown in figures 7a > 7h, 7c, 8 and 9* The affect of

secondary recovery on the county production curves is very noticeable for

Crawford, McKean, Potter and Warren counties. Pennsylvania production is
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1*0,000

barrels

for

Tioga

County.



16

continuing to decline, but most of the oil fields would have been abandoned

years ago if secondary recovery hadn't been initiated. Table 2 shows the

number of producing oil wells and the crude oil produced by counties for 19ii7

to 1953 inclusive, as reported by the Pennsylvania Bureau of Statistics.

The total oil in place in the Pennsylvania oil fields as of January 1,

195U, was 2,651,110,000 barrels. This and other information is shown in tab!

3. The proved recoverable reserve by primary plus secondary methods, for the

areas now operating under secondary recovery methods, is estimated at

110.892.000 barrels as of January 1, 1951;. Other areas are considered amen-

able to secondary recovery methods, thus increasing the proven reserve to

213.635.000 barrels as of January 1, 195U-
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